The expanding clinical application of techniques of vascular surgery has made desirable a better understanding of the functional and histological fate of various types of free vascular transplants used for bridging arterial defects. Though considerable useful information has been recorded by earlier investigators,"6 it was hoped that a study of fresh, preserved and fixed vein grafts employed as transplants to the thoracic aorta might prove fruitful.
The expanding clinical application of techniques of vascular surgery has made desirable a better understanding of the functional and histological fate of various types of free vascular transplants used for bridging arterial defects. Though considerable useful information has been recorded by earlier investigators,"6 it was hoped that a study of fresh, preserved and fixed vein grafts employed as transplants to the thoracic aorta might prove fruitful.
Materials and methods
Adult and young adult mongrel dogs were used, and in one instance a young puppy (No. 705). In those experiments with autografts a segment of the distal end of the inferior vena cava was removed aseptically through a muscle-splitting right lower quadrant incision. The excised specimen was placed in physiological saline solution until the thoracic aorta could be exposed and prepared for its reception. In the case of fresh homografts a segment of the distal inferior vena cava was similarly removed from one animal while the thoracic aorta of another animal was being exposed by a second operator. Veins preserved by freezing were obtained in the same manner and were immediately quick-frozen by placing them in sterile glass tubes which were immersed in a mixture of solid carbon dioxide and ether. After the veins were thus frozen the tubes were properly labeled and stored in a deep freeze unit maintained at a temperature of minus 3°C. or less. Other segments of vena cava were fixed in 10% formalin solution as soon as they were obtained. In two dogs, formalin-fixed innominate veins of dogs were used as transplants, and in two others, fixed human iliac veins. The frozen veins were thawed in physiological saline solution at room temperature immediately before their use for transplantation. The formalinized grafts were washed thoroughly in physiological saline solution before being used as grafts.
All operations were performed under intravenously administered Nembutal anesthesia. Rhythmic inflation of the lungs with air was maintained during operation by a special machine connected with an intratracheal tube. With the animal placed on the right side a left thoracotomy was carried out, generally through the fourth interspace with posterior transection of the third or third and fourth ribs. Occasionally the chest was entered after resection of a long segment of the fourth rib. The mediastinal pleura was opened over the upper part of the descending aorta which was freed from its first portion downward for a distance of about 2¼2 cm. This usually necessitated division of two or three pairs of intercostal arteries. The aorta was then sharply transected between special non-crushing aorta clamps after removing the gross adventitia. The 82 YALE JOURNAL OF BIOLOGY AND MEDICINE vein graft was then interposed, using continuous everting mattress sutures of number 5 Deknatel for the anastomosis. In one animal (No. 705) the anastomosis was accomplished with interrupted everting sutures. The distal clamp was then released and if any significant leak was noted, it was closed with an additional suture. The proximal clamp was next released, the mediastinal pleura sutured over the aorta and graft, the lungs re-expanded, and the chest wall closed in layers with interrupted silk sutures.
Though the anastomoses were all accomplished in a good technical manner, they were done with varying rapidity, generally proportionate to the operator's personal experience with vascular suture techniques. As a rule, no difficulties ensued provided the transplantation was accomplished rapidly enough so that the aorta was occluded for half an hour or less. In general, when the aorta was occluded for longer periods a spastic paraplegia ensued. In two animals, dogs 639 and 435, the paralysis was partial and temporary; in five, dogs 421, 516, 552, 614, and 657, it was complete and permanent. Neither antibiotics or anticoagulants were administered. The animals were maintained on a standard kennel diet. They were sacrificed at varying intervals. A few animals died shortly after operation. Some died later, most commonly of pulmonary infection.
In some instances aortograms were made before the animals were sacrificed. These were obtained by exposure of an x-ray film just at the completion of the rapid injection of from 8 to 25 cc. of 70% Diodrast into the external jugular vein; the dogs were anesthetized with sodium pentothal for these procedures and were placed in the lateral position. In some cases simultaneous Hamilton manometer recordings of carotid and femoral blood pressures were made before the dogs were sacrificed.
In each case the heart and thoracic aorta were carefully exposed and removed as soon after the death of the animal as was possible. In many of them colored photographs of the intact and opened specimen were obtained. The segment of the transplant and the adjoining proximal and distal aorta was then fixed in Zenker formol solution. Some were embedded in paraffin, others in celloidin. The cut sections were stained (1) layer, but some muscle cells are also found in the outer fibrous layer. There is marked individual variation in the number of thin elastic fibers in the media, but there is always a direct relationship between the distribution of the elastic fibers and the smooth muscle cells. When the media consists of two separate layers, the elastic fibers are found almost exclusively in the inner muscle layer. When muscle cells are present throughout the entire 82 media, elastic fibers are found similarly distributed. The adventitia is from three to five times as thick as the media. It consists of loosely arranged bundles of collagenous fibers, chiefly in a longitudinal fashion, and of thick longitudinally distributed elastic fibers. The external part of the adventitia, which is termed by some "periadventitia," is composed of loose connective tissue with few elastic fibers; it contains the major part of the vasa vasorum.
Results-Autografts Fresh segments of inferior vena cava were used for transplants to the thoracic aorta in six dogs. Two dogs (Nos. 500 and 556) died 12 and 19 hours after operation. No cause of death was established at autopsy. One dog (No. 552) died in three days of empyema and peritonitis and two dogs (Nos. 657 and 658) died in three and four days respectively of pneumonia. Dogs 556, 657, and 658 died during the night and autopsy was not performed until some hours after death. Dog 545 survived in good health and was sacrificed 190 days after operation.
All of the grafts were patent and had been functioning well. In two (Nos. 552 and 658) a small mural thrombus was present at one suture line; there were no thrombi in the remainder. One graft was 0.6 cm. long; the others varied in length from 1 to 2.1 cm.* The grafts of least age were normal in appearance except for the deposition of some fibrin in the external part of the adventitia of one and a thin layer of fibrin on parts of the intimal surface of the other. The grafts three and four days in age appeared to be undergoing necrosis. Though collagenous and elastic fibers stained normally, the nuclei of the cells exhibited degenerative changes and in general did not stain well. There was some infiltration with blood, fibrin, bacteria, and polymorphonuclear leukocytes.
Before Dog 545 was sacrificed an aortogram was made; it showed some dilatation of the transplant (Fig. 1 ). Blood pressure was 172/100 in the carotid, 144/100 in the femoral artery. The age of the graft was 190 days, its length 2.1 cm. The internal surface was smooth and no thrombi were present (Fig. 12A) . The wall of the graft was as thick as that of the aorta. Microscopically, the intimal surface was covered by endothelium. Graft and aorta were connected at the suture lines by fibrous scar tissue, the collagenous bundles and cells of which were arranged longitudinally. At one suture line the inner surface of this scar tissue was covered by a subendothelial layer of numerous long spindle-shaped connective tissue cells and few thin collagenous fibers, both arranged longitudinally. This subendothelial layer passed over to the vein, covering about one-third of its length while it steadily decreased in thickness from the suture line towards the mid-portion of the graft. Under the endothelium and the subendothelial layer respectively was found the media which was somewhat compressed, chiefly in the fibrous portion. The circularly disposed smooth muscle cells were distinct but not hypertrophied. Elastic fibers could not be seen in the media. The adventitia was extremely compressed; the collagenous tissue was dense and hyalinized and contained few connective tissue cells. The elastic fibers were reduced in number and were fragmented. The next layer was five or six times the thickness of the original graft and was composed of newly formed connective tissue with few cells but abundant collagenous fibers (Fig. 2 ). All these collagenous bundles were arranged longitudinally in contradistinction to the more interlaced arrangement of normal venous adventitia. Elastic fibers were not seen in the newly formed layer of connective tissue, which was more loosely arranged and stained lighter than the bundles of the original adventitia. Although the individual layers of the graft-endothelium, subendothelial layer, media, adventitia, and newly formed fibrous layer-were easily distinguished, they seemed firmly bound together.
Fresh homografts In four experiments a fresh segment of the inferior vena cava was transplanted to the thoracic aorta of another dog. One dog (No. 564) died 2X2 days later; hemothorax was present without obvious cause for the bleeding. A second animal (No. 705) died of pneumonia during the night of the 38th day; in both these animals autopsy was performed several hours after death. The other two animals (Nos. 565 and 517) survived in good health and were sacrificed in 74 and 148 days respectively.
The grafts varied in length from 0.9 to 1.9 cm. The youngest graft had a smooth intimal surface. It showed degenerative changes in the nuclei of muscle and connective tissue cells though some of the nuclei were stained. There was no visible endothelium, the internal surface being covered by a thin layer of fibrin. The outer surface was covered by a thick layer of blood and fibrin and there was some polymorphonuclear leukocytic infiltration from the outside. The grafts 38 and 74 days in age had a smooth internal surface and no thrombi were present. In the first the vein was composed of collagenous bundles and fragments of thin elastic fibers and was infiltrated by a large number of polymorphonuclear leukocytes and fibroblasts. No muscle cells were present. The inner surface of the mid-portion of the graft was covered by a thin layer of fibrin while a layer of young connective tissue covered the suture lines and extended onto the adjacent one-third of the surface of the vein, steadily decreasing in thickness towards the center of the graft. Newly formed connective tissue, in some places infiltrated with polymorphonuclear leukocytes, covered the outer surface of the graft in a thick layer. There was a moderate relative stenosis at the distal suture line in the case of the 74-day-old graft. The original vein could be seen as a middle layer of the wall, surrounded by newly formed fibrous layers on both 84 inner and outer surfaces. Of the original vein only collagenous tissue with scanty fragments of thin elastic fibers was preserved; no muscle cells were present. Some connective tissue cells penetrated the original vein wall. The whole inner surface was covered by a layer of young connective tissue varying in thickness from one-half to three times that of the original vein, and this tissue covered the suture lines and was very thick at the distal end where it produced the relative stenosis referred to previously. The connective tissue cells and collagenous fibers were arranged longitudinally in the superficial part and irregularly in the deeper portion, and the entire layer was covered by endothelium. The outer layer was three to five times as thick as the original vein and was composed of few connective tissue cells and many collagenous, partly hyalinized, bundles which were disposed longitudinally in the thinner and were interlaced in the thicker parts.
Before Dog 517 was sacrificed an aortogram was made; it revealed good patency of the grafted area (Fig. 3 ). The femoral blood pressure was 160/120, the carotid pressure 212/130. The age of the graft was 148 days, its length 1.9 cm. The internal surface was smooth except at one suture line where a piece of silk had protruded into the lumen and become surrounded by a small thrombus. The wall of the graft was considerably thickened. Microscopically, the original vein was best seen near the suture lines where it was composed of a continuous layer of collagenous bundles and some fragments of elastic fibers (Fig. 4) . No muscle cells were present. The collagenous bundles were somewhat swollen and could be easily distinguished from those in the adjacent newly formed connective tissue. Some fibroblasts were found among the bundles. The mid-portion of the original vein consisted only of short pieces of the original collagenous bundles which were surrounded by abundant fibroblasts and newly formed collagenous fibers. Between these structures there was some amorphous material which took a pale grey-blue stain with hematoxylin and eosin and which probably represented partly disintegrated collagen; in addition there were some fibrous structures, probably representing elastic fibers, which were impregnated with calcium and separated by clefts. The original vein was surrounded on the outside by a wall of cellular granulation tissue, the outer portion of which was rich in connective tissue and showed perivascular lymphocytic infiltration at the border of the normal surrounding tissue. On the inner surface of the original vein there were several cushions of degenerated tissue partly fibrous and calcified, but composed mainly of an amorphous material without nuclei, which took a grey-blue stain with hematoxylin and eosin. This mass was covered by a ribbon of hyaline material containing some connective tissue cells and probably representing old fibrin and, in addition, a layer of young connective tissue arranged longitudinally. The same tissue covered the suture lines. The whole layer was covered by endothelium. There was a small thrombus at one point on the surface. Homografts preserved by freezing In six experiments a segment of inferior vena cava was preserved for from 3 to 33 days in the frozen state before being transplanted to the thoracic aorta of another dog. One dog (No. 621) died at the close of the operation, another (No. 603) after 36 hours from empyema, a third (No. 646) after 20 days from empyema and pneumonia. Three (Nos. 614, 637, and 639) survived in good health and were sacrificed after 7, 55, and 77 days respectively.
The graft in the dog which died at the close of the operation had been frozen for 16 days. Microscopically it looked normal except for some pyknosis of the nuclei of muscle and connective tissue cells, apparent loosening of the collagenous bundles, and a thin layer of fibrin on the external surface. The transplant, 36 hours in age, was occluded by a thrombus and microscopically appeared to be undergoing destruction with no visible nuclear staining and no recognizable muscle cells. The 7-and 20-day-old grafts showed some thickening of the wall. In the younger there was interposed between the original graft and the tissue of the host a layer of fibrin with polymorphonuclear leukocytes and fibroblasts, while in the older there was a much thicker layer of newly formed fibrous tissue, fibrin, leukocytes, and detritus. In both there was evidence of destruction of the transplant with no staining of nuclei, no recognizable muscle cells, fragmentation of collagenous bundles and elastic fibers; in both the adventitia appeared loosened by edema fluid.
Before Dog 637 was sacrificed aortograms were made; they revealed good patency of the graft (Fig. 5 ). Blood pressure was 220/138 in the femoral, 206/140 in the carotid artery. The graft had been frozen 33 days; its age was 55 days, its length 2.0 cm. The internal surface was partly smooth, partly rough (Fig. 12B) ; no thrombi were present. The wall was thickened. Microscopically, the graft appeared to be undergoing destruction (Fig. 6) . No nuclei were stained, no muscle cells were present, and the remnants of media and adventitia could not be distinguished separately. In the inner part of the original graft the collagenous bundles were finely fragmented and were separated by edema fluid and dense fibroblasts. Some of the fibroblasts lying in the longitudinal direction of the graft near elastic fibers were very long and spindle-shaped. There was a dense network of delicate newly formed collagenous fibers. The elastic fibers appeared pulled apart, fragmented, and reduced in number. In the outer portion of the original graft only small remnants of collagenous bundles and tiny fragments of elastic fibers were preserved; they were surrounded by young connective tissue with abundant collagenous fibers. Near the suture line, infiltration of the graft with fibroblasts had not yet occurred, and the collagenous bundles and elastic fibers were better preserved. The inner portion of the suture lines was filled with young connective tissue and this tissue 86 VENOUS TRANSPLANTS FOR AORTAL DEFECTS covered the adjacent part of the graft and was growing into the layer of fibrin which lined the middle of the graft.
Before Dog 639 was sacrificed an aortogram was also made and normal patency was demonstrated. This graft had been frozen 33 days, was 77 days in age and 2.5 cm. in length. Blood pressure was 216/144 in the femoral and 204/144 in the carotid artery. The internal surface was smooth except for a small thrombus at one point. The wall was thickened. As in the others, the graft appeared microscopically to be undergoing destruction with no staining of nuclei and no recognizable muscle cells. The collagenous bundles of the media were normally close together. The inner part of the adventitia was closely packed. The collagenous bundles were broken up into small pieces and the elastic fibers were fragmented but not pulled apart. Some fibrin was present in this part of the adventitia. The outer part of the adventitia was markedly loosened; thin collagenous bundles and remnants of elastic fibers were present. The original graft was only moderately infiltrated with fibroblasts, and there was but a slight connective tissue formation on the external surface of the graft. In the newly formed connective tissue there was a tiny abscess, composed of polymorphonuclear leukocytes and round cells. The inner portion of the suture lines was filled with connective tissue which covered the adjacent part of the graft and was growing into a layer of fibrin which lined the middle of the graft.
Formalin-flxed homo-and heterografts In eleven animals venous grafts which had been fixed in formalin for weeks or months were transplanted to the thoracic aorta. In seven animals homografts of inferior vena cava were used, in two The four grafts ranging in age from a few hours to two days showed the same features. The intimal surface was smooth. The tissues underneath the lining membrane had a reddish-blue color due to hemorrhage in the adventitial layer. Microscopically, the nuclei, muscle cells, and collagenous and elastic fibers were stained normally. There was some deposition of fibrin on the suture line and to varying degrees on the intimal surface of the graft where it filled small defects extending into the media-like plugs. There was some polymorphonuclear infiltration. In the 2-day-old graft the nuclear stain was pale as compared with that of the adjacent aorta and the 87 infiltrating leukocytes. This was also a feature of the graft 5 days old. The wall of the 20-day-old transplant was definitely thickened. Microscopically it was quite like the 22-day-old graft from Dog 372.
This graft was 22 days old. It was 2.3 cm. long. The internal surface was smooth and the wall of the transplant was thickened (Fig. 12C) . The injected specimen showed the graft and the aorta to be roughly equal in size (Fig. 7) . There was some fibrin on the suture line. Microscopically, nuclear stain and muscle cells were absent. Collagenous and elastic fibers were stained normally. At points on the internal surface there was some fibrin which was penetrating into the spaces between the underlying collagenous bundles of the media. The inner portion of one suture line was filled with young connective tissue which also covered the adjacent graft for a short distance. The outer portion of both suture lines was filled with connective tissue. The media showed compact collagenous bundles. The inner layer of the adventitia was separated from the outer layer, pulled apart, and infiltrated by a young cellular connective tissue. The outer part of the adventitia showed only remnants of collagenous bundles surrounded by young connective tissue rich in long, spindle-shaped fibroblasts and delicate collagenous fibers. The elastic fibers were well preserved in the greater portion of the adventitia, whereas they were fragmented and reduced in number and thickness in a smaller part. There was old fibrin at several points in the adventitia and on its external surface. The adventitia was surrounded by a thick layer of newly formed connective tissue.
The 88-day-old graft also showed a smooth internal surface, considerable thickening of its wall, normal staining, and recognizable muscle cells. The inner surface was partly covered by a thin layer of fibrin and there was some connective tissue extending from the suture lines onto the graft and growing into the layer of fibrin. Between this layer and the original graft were some cavities filled with blood, fibrin, and a homogeneous material. The collagenous bundles of the original adventitia were fragmented but preserved. The elastic fibers were fragmented and rather thick but not apparently reduced in number. The adventitia was surrounded by a thick layer of newly formed firm connective tissue. The 121-and 133-day-old grafts showed essentially the same features except that the accumulation of blood and fibrin between layers was not so conspicuous and only scanty remnants of elastic fibers were present. Before sacrificing the animals with these grafts (Dogs 598 and 547) blood pressures were obtained. In the first the carotid pressure was 157/107 and femoral pressure 160/96; in the latter these values were 131/118 and 154/112. In one (Dog 598) there was a spindle-shaped dilatation of the transplant but it should be noted that at the time of its insertion this transplant was considerably greater in diameter than the aorta. In the other dog an aortogram was made (Fig. 8) .
Before Dog 435 was sacrificed an aortogram was also made; it revealed a patent graft (Fig. 9) . Femoral :.I
FIG. 12B. Venous transplant to the aorta. Photograph of specimen from Dog 637, a preserved homograft 55 days in age. The internal surface of the graft is seen to be generally smooth but to have a few roughened granular areas. Note thickening of wall of graft. The difference in circumference of the graft and aorta is somewhat less than was noted at time of the transplantation. pressure 142/102. The age of graft was 305 days, its length 4.0 cm. The internal surface was partly smooth, partly covered by a thin layer of fibrin. At one point there were some yellow spots under the internal surface. The wall of the graft was thickened (Fig. 10) . Microscopically, nuclear stain and muscle cells were missing (Fig. 11) , while collagenous and elastic fibers were stained normally. The middle portion of the internal surface of the graft was covered by a thin layer of fibrin. The suture lines were filled with young connective tissue which also extended for some distance onto the surface of the graft and was growing into the fibrin. A continuation of the endothelium of the connective tissue layer covered the adjacent part of the fibrinous layer but not the middle portion of the fibrinous layer. There was some fibrin in the spaces between the collagenous bundles of the original media. The original adventitia was a loose layer composed of remnants of collagenous bundles and elastic fibers. This layer was surrounded by newly formed firm connective tissue, the collagenous bundles of which were arranged in the longitudinal direction of the graft. There was no newly formed connective tissue in the original media and adventitia.
Only a few lymphocytes were seen infiltrating the original graft. Discussion These studies demonstrate that fresh venous autografts and homografts, venous homografts preserved by freezing, and homo-and heterografts previously fixed in formalin are all capable of functioning effectively to bridge defects in the thoracic aorta. In the majority of instances the specimens, when examined from a few hours to ten months after transplantation, showed a smooth lining membrane and considerable thickening of the wall of the graft. In a few instances a small mural thrombus was present, but only in one of the 27 transplants was there a thrombus which occluded the lumen. This exceptional case was a dog which died of massive empyema 36 hours after transplantation of a homograft preserved by freezing. In only one case was there a minute aneurysmal dilatation adjacent to the suture line. In several instances small portions of the silk suture used for the anastomosis were visible inside the lumen of the graft. Frequently there was no thrombus over the protruding suture material but in some instances a mural thrombus appeared to have originated in such a manner. Since the completion of the experiments reported in this communication, experiments have been carried out in which interrupted silk sutures were used instead of a continuous suture; in these experiments such protrusion of suture material into the lumen has not occurred, and it is believed that the use of interrupted sutures will diminish considerably the hazard of stenosis and probably also of mural thrombi.
At the time of the post-mortem examination most of the grafts had comparatively the same diameter with reference to the aorta as was noted at the completion of the operative transplantation. In some instances where the venous insert was of larger diameter than the aorta, it appeared that the diameter of the graft had decreased slightly so that the size of the aorta and graft was more nearly the same. In one instance a moderate dilatation of the graft had apparently taken place.
In the present study we have expanded histological observations of certain types of grafts, only single observations of which have been previously reported. In a survey of the literature,' histological descriptions of only one fresh venous homograft and one formnalin-fixed venous homograft were found, and none of a formalin-fixed venous heterograft.
The only venous grafts which had the appearance of living structure were the fresh autografts. Only one of these was of relatively great age at the time of examination (190 days). Even this specimen showed signs of retrogressive change apparently due to the stress of the arterial pressure: the elastic fibers were reduced in number and were fragmented, the fibrous portion of media and adventitia was markedly compressed, and the fibrous part of the adventitia was undergoing hyaline change. The muscle cells of the media, however, looked unchanged. They were not hypertrophied.
This autograft showed the same two changes which were found in all other types of grafts: formation of an external and internal fibrous layer. The former is the most important feature in all types of venous grafts, since it gives strength to the transplant in spite of such retrogressive changes as occur in venous autografts and in spite of degeneration of the entire original vein in all other types of venous grafts. The formation of this fibrous reinforcement on the outside is very important in the functional success of vascular transplants.
The origin and nature of the newly formed fibrous layer on the internal surface of the graft have been the subject of much debate in the past. Some earlier investigators have felt that this layer is derived from the intima of the graft. However, this origin could be expected only in autografts. The opinions were divided as to whether this layer was of compensatory origin due to the arterial pressure or of inflammatory origin due to lesions of the internal surface of the graft made during operation. The impression obtained from study of the grafts described in this present communication may be summarized as follows:
In all types of grafts, including autografts, this layer grows tongue-like from the suture lines towards the middle of the graft and is formed by the young connective tissue which fills the inner funnel-like space at the suture lines. In the case of the 190-day-old autograft this was nicely proved by the fact that only one suture line was filled with connective tissue and only on this side was there a thin layer of connective tissue growing over the graft. If the graft is short, the two "tongues" of connective tissue join each other in the middle so that the whole internal surface is covered by a fibrous layer. If the graft is longer, only the ends are covered even after a considerable length of time, whereas the mid-portion of the graft is, in most cases, covered by a thin layer of fibrin. It seems that this fibrin promotes the formation of a fibrous layer by furnishing a sort of foothold for the ingrowing fibroblasts, a condition well known from other pathological processes. In some cases there was evidence that the fibroblasts were actually growing into the fibrin (Fig. 6b) or that remnants of fibrin were preserved in the fibrous layer. A similar process takes place in the healing of all blood vessels at the suture line: the funnel-shaped space at the suture lines is first filled with a fibrin plug which later becomes organized. It seems natural that the formation of such an internal fibrous layer may reinforce the graft. However, since this process does not develop as early or regularly as the external fibrous layer, it is apparently less important in this respect.
It has been stated by some earlier investigators" that the fibroblasts of the internal fibrous layer are transformed into smooth muscle cells. Such a fact would be of great theoretical importance, since the postembryonic transformation of fibroblasts into smooth muscle cells has not been established.7 It is generally agreed that the smooth muscle cells of newly formed blood vessels associated with healing processes, e.g. pleural adhesions, are derived from the perivascular embryonic cells of the adult, but these cells are more primitive than fibroblasts. There was no evidence in the sections of the grafts studied that such a transformation took place. The fibroblasts of the internal fibrous layer sometimes showed a very elongated spindleshaped form which might have induced earlier investigators to consider them as smooth muscle cells. However, the assumption of such an elongated form under pressure, in this case arterial pressure, is a well known fact. Fibroblasts which were seen penetrating into the original graft also assumed this elongated form but again without signs of transformation into smooth muscle cells as had earlier been thought to be the case."" There was no evidence to suggest the formation of elastic fibers in the internal fibrous layer, another occurrence sometimes described by earlier workers."
The difference in the histological fate of fresh, preserved and formalinfixed homografts and of formalin-fixed heterografts did not appear to be very remarkable. The disintegration of the original vein seemed to be perhaps greater in homografts preserved by freezing than in fresh homografts. The end result of formalin-fixed grafts, too, appeared histologically to be inferior to that of fresh homografts. The internal surface of formalin-fixed grafts seemed particularly breakable and permitted the penetration of blood and fibrin into the wall. In several instances fibrin was seen to fill small defects of the surface like plugs and to extend between the collagenous bundles to the media. In some cases, fibrin, blood, and edema fluid were found in the original graft, and in two cases calcification was seen grossly. The impression was held that in the two formalin-fixed heterografts the disappearance of the elastic fibers was more complete than in formalin-fixed homografts of the same age. The results in formalin-fixed grafts described in this paper are essentially the same as those recently reported by Peirce and his associates"5 who used formalin-fixed thoracic aortas of dogs for transplantation into abdominal aortas or for extracardiac shunts in dogs. They found in specimens of ten dogs, ranging in age from two days to nine months, degeneration of the original graft and formation of an internal and external fibrous layer. There was calcification within the graft wall in four specimens.
The histological fate of blood vessel grafts previously fixed in alcohol or formalin has been a subject of lively discussion in the past. Nageotte stated that he observed in grafts of fixed blood vessels"lS as well as in grafts of fixed tendon"1' that the connective tissue cells were dissolved and replaced by fibroblasts of the host, whereas the collagenous fibers, which Nageotte considered as always being dead material similar to crystals, were preserved and had the same relationship to the new fibroblasts as to the original ones. Nageotte called this process "reviviscence" of the connective tissue. This theory has been repudiated with reference to grafts of fixed tendon by Busaccae 2.8 and Weidenreich.' It could be seen in the formalin-fixed grafts described in this paper that the collagenous bundles were slowly dissolved and replaced by collagenous fibers formed by the immigrated fibroblasts of the host.
Our studies confirm the general opinion reached by the majority of earlier workers that, although various types of vascular transplants function well, only fresh autogenous grafts survive as a living structure. Little difference was noted in the gross appearance of the various types of venous transplants, fresh autografts and homografts, preserved homografts, and formalin-fixed homo-and heterografts. Microscopically, however, all except the first type appeared to undergo destruction. It should be pointed out that our observations were limited to specimens ten months or less in age. Although there are in the older literature a few examples of specimens studied years after transplantation, it would seem most important to expand our knowledge of the long-term behavior of vascular transplants. It is perfectly possible that the incidence of such complications as aneurysmal dilatation or rupture might be more numerous after the passage of a long period of time. It would also seem essential to study the fate of vascular transplants in the growing animal in order to determine whether the graft increases in diameter as the parent vessel grows in size, or whether it tends to remain relatively fixed in diameter with the eventual production of a condition of relative stenosis. Some of these problems are currently being investigated.
The use of free transplants of fresh autogenous veins has already proved itself to be a satisfactory means of bridging gaps in peripheral arteries in man.' Gross and his associates have recently reported good functional results with the use of arterial homografts preserved at a cool temperature in a specially buffered nutritive medium in bridging aortic defects in man and in creating systemic-pulmonary shunts in cases of tetralogy of Fallot."5' e.6 Full reports of their experimental observations with such grafts and particularly of their histological studies will be awaited with great interest. It may be expected, however, that these preserved homografts behave like fresh homografts when they are implanted into the host.
Our experiments appear to offer no conclusive data for application in clinical practice except to point out that only fresh autografts are capable not only of good function but of survival as living transplants. The other types of grafts apparently yield satisfactory functional results at least for reasonably short periods of time. Until more adequate data are available concerning long-term results, it would seem wise to use fresh autografts whenever possible.
